This work aimed to assess the cavernous anti-apoptotic role of using chronic low-dose sildenafil/ tadalafil with and without testosterone (T) in aged diabetic rats. In all, 140 Sprague-Dawley aged rats were divided into the following groups: controls; induced diabetic rats; diabetic rats that received intramuscular depot T once every 4 weeks; diabetic rats on sildenafil 2 mg kg -1 orally daily; diabetic rats on T and daily sildenafil; diabetic rats on tadalafil 0.45 mg kg -1 orally every other day; diabetic rats on every-other-day tadalafil and T; diabetic rats on alternate sildenafil and tadalafil; and diabetic rats on alternate sildenafil, tadalafil and T. After 12 weeks, Bax (apoptotic factor), Bcl 2 (B-cell lymphoma 2; anti-apoptotic factor), cGMP (cyclic guanosine monophosphate) were estimated in their cavernous tissues. Compared with the controls, aged diabetic rats showed significant increased cavernous tissue Bax and significant decreased Bcl 2 , in which diabetic rats injected with T showed the reverse compared with the diabetic rats. Diabetic rats on sildenafil or tadalafil showed significant increased cavernous Bcl 2 and decreased Bax with upgraded Bcl 2 /Bax ratio that was improved being on T. Diabetic rats on alternate sildenafil/tadalafil with or without T showed further significant increased cavernous tissue Bcl 2 with upgraded Bcl 2 /Bax ratio. It is concluded that frequent low-dose use of sildenafil and/or tadalafil combined with T would be predicted to have a pronounced anti-apoptotic cavernous tissue effect on the cavernous tissues of aged diabetic rats.
Introduction
A fine balance between cell proliferation and cell loss is necessary for normal tissue homeostasis. Apoptosis constitutes a strict regulated process for the removal of surplus, aged or damaged cells and unnecessary cells in the course of normal development, and its deregulation is associated with the pathogenesis of a wide range of diseases. Apoptosis is morphologically characterized by nuclear fragmentation, formation of membrane-encased apoptotic bodies containing organelles and cell shrinkage. 1, 2 The members of the Bcl 2 (B-cell lymphoma 2) family of proteins have been reported to be involved in regulating apoptosis in various cell types, and may either inhibit (Bcl 2 , Bclx L , Mcl 1 and Bcl w ) or promote apoptosis (Bax, Bcl-x S , Bak and Bad). 3 Sildenafil citrate and tadalafil are selective inhibitors of phosphodiesterase-5 (PDE5 Is) that catalyze the breakdown of cyclic guanosine monophosphate (cGMP), one of the primary factors causing smooth muscle relaxation. By means of their potent action of enhancing nitric oxide-driven cGMP accumulation and ensuing vasodilatation in corpus cavernosum, they are widely used for treating erectile dysfunction (ED) in men. 4 Lately, there are several studies on PDE-5 Is documenting their possible applications in diverse indications apart from ED. 5, 6 Das et al. 7 reported that sildenafil directly protects adult cardiomyoctyes against necrosis and apoptosis after ischemia-reoxygenation injury. In addition, sildenafil was shown to induce early upregulation of Bcl 2 to Bax ratio having an important role in the anti-apoptotic effect of the drug. 8 Tadalafil also proved to overcome ischemiainduced apoptotic neuronal cell death as well as myocyte apoptosis. 9 Therefore, chronic use of low doses of PDE5 Is was suggested to have a beneficial role in many medical disorders. [10] [11] [12] In both diabetic and aged ED models, there is an impaired responsiveness of the rat corpora cavernosa sinusoidal relaxation, a significant decrease in abundance of its smooth muscle and endothelium and an increased ratio of apoptotic cells in the erectile tissue. 13 It was indicated that nitric oxide erectile pathway is T dependent as castration induces ED and reduction in nitric oxide synthase and PDE5 in the erectile tissue. Furthermore, castration causes apoptosis that adversely affects smooth muscle content and penile hemodynamics, leading to veno-occlusive dysfunction, whereas T therapy reverses these structural, biochemical and physiological changes. 14 Both animal and clinical studies indicate that T therapy improves both erectile function and the response to PDE-5 Is in ED patients and hypogonadism. However, monotherapy T may not be adequate because of the multi-factorial nature of the pathophysiology of ED. Interventional studies showed that T replacement therapy improves erectile function in hypogonadal men who have previously failed to respond to PDE-5 Is alone, 15 in which the full therapeutic potential of PDE5 Is would only become manifest in a eugonadal state. 16 This work aimed to assess the anti-apoptotic role of using chronic sildenafil/tadalafil and/or T in aged diabetic rats.
Materials and methods
In all, 140 male aged Sprague-Dawley rats of matched age and weight (18-24 months, 4350 g) were studied after approvals by the institutional animal care and use committee. They were maintained according to the standard guidelines on a semi-purified diet. One hundred twenty rats were enrolled in the study 4 weeks after a single intraperitoneal injection of 65 mg kg -1 streptozotcin to induce diabetes, in which hyperglycemia develops with plasma glucose 200-500 mg per 100 ml (rats with o200 mg per 100 ml were excluded). They were subdivided into equal experimental groups (15 each) and compared with 20 matched rats as controls fed on ordinary chow and water (the vehicle of the drugs) and followed for 12 weeks. Control rats had mean blood glucose of 69.6 ± 2.1 mg per 100 ml in which diabetic rats had mean glucose level of 466.2 ± 23 mg per 100 ml.
The rats were divided into 9 groups: group 1, controls; group 2, streptozotcin-induced diabetic rats; group 3, diabetic rats that received intramuscular depot T enanthate 4.5 mg once every 4 weeks (equivalent to 250 mg adult human dose); 17 group 4, diabetic rats on sildenafil citrate 2 mg kg -1 orally daily (equivalent to 25 mg adult human dose); group 5, diabetic rats on T injection and daily oral sildenafil; group 6, diabetic rats on every-other-day oral tadalafil 0.45 mg kg -1 orally (equivalent to 5 mg adult human dose); group 7, diabetic rats on everyother-day oral tadalafil and T injection; group 8, diabetic rats on alternate oral sildenafil and tadalafil; and group 9, diabetic rats on alternate oral sildenafil, tadalafil and T injection. The start point of giving drugs was the same.
At the time of scarification, cavernous tissues were removed, washed with phosphate-buffered saline and then divided into two portions: the first portion, for RNA extraction for detecting gene expression of BAX and Bcl 2 , was put in RNA extraction buffer and frozen at À80 1C till use, and the second portion for estimating cGMP was homogenized in 10 volumes of 0.1 N HCl, centrifuged at 600 g and then frozen at À80 1C till assay. Plasma T levels were assayed in duplicate from trunk blood using a double antibody kit (Diagnostic Systems Labs, Webster, TX, USA) with a minimum detection limit of 0.05 ng ml -1 and a range up to 25 ng ml -1 .
BAX and Bcl 2 gene expression by reverse transcription-PCR
Total RNA was extracted by acid guanidinum thiocyanate-phenol-chloroform method. 18 RNA content and purity were measured using ultraviolet spectrophotometer (A260/A280 ratio of 1.8-2.0). For amplification of the target genes, reverse transcription-PCRs were run in two separate steps. In brief, equal amounts of total RNA (6 mg) were heat denatured and reverse transcribed by incubating at 42 1C for 90 min with 12.5 U (avian myeloblastosis virus) reverse transcriptase (Promega, Madison, WI, USA), 200 nM deoxyribonucleotide triphosphate mixture and 1 nM oligo-dT primer in a final volume of 30 ml of 1 Â avian myeloblastosis virus buffer. The reactions were terminated by heating at 97 1C for 5 min and cooled on ice. Complementary DNA samples were amplified in 50 ml of 1 Â PCR buffer in the presence of 2.5 U Taq DNA polymerase (Promega), 200 nM deoxyribonucleotide triphosphate mixture and appropriate primer pairs (1 nM of each primer). PCR consisted in a first denaturing cycle at 97 1C for 5 min, followed by a variable number of cycles of amplification defined by denaturation at 96 1C for 1.5 min, annealing for 1.5 min and extension at 72 1C for 3 min. A final extension cycle of 72 1C for 15 min was included. PCR products were electrophoresed on 2% agarose stained with ethidium bromide and visualized by ultraviolet transilluminator. Semiquantitation was performed using gel documentation system (BioDO, Analyser, Biometra, Göttingen, Germany). According to the amplification procedure, relative expression of each studied gene (R) was calculated following the formula: R ¼ densitometrical units of each studied gene/densitometrical units of b-actin.
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PCR detection of b-actin
Presence of RNA in all samples was assessed by analysis of the 'house-keeping' gene b-actin. Complementary DNA was generated from 1 mg total RNA extracted with avian myeloblastosis virus reverse transcriptase for 60 min at 37 1C. For PCR, 4 ml complementary DNA was incubated with 30.5 ml water, 4 ml 25 mM MgCl 2 , 1 ml deoxyribonucleotide triphosphates (10 mM), 5 ml 10 Â PCR buffer, 0.5 ml (2.5 U) Taq polymerase and 2.5 ml of each primer containing 10 pM. b-actin primers (forward 5
Estimation of cavernous tissue cGMP
Cavernous tissue level of cGMP was determined in triplicates with standard curve using the enzymelinked immunosorbent assay kit (R&D Systems, Minneapolis, MN, USA).
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Statistical analysis SPSS program version 16.0.1 (SPSS, Chicago, IL, USA) was used for statistical analysis. The data were expressed as mean ± s.d. and the differences were evaluated using unpaired t-test. Correlations between values were tested using Pearson's coefficient. Po0.05 was set as statistically significant.
Results
Mean level of plasma T in aged diabetic rats showed significant decrease compared with its mean level in the controls. Diabetic aged rats showed significant increase in cavernous tissue Bax and significant decrease in Bcl 2 , cGMP and Bcl 2 /Bax ratio compared with the controls. Compared with both controls and diabetic rat groups, aged diabetic rats on sildenafil or tadalafil showed significant improved cavernous tissue Bcl 2 , cGMP, Bcl 2 /Bax ratio and decreased Bax. Aged diabetic rats on sildenafil or tadalafil supplemented with T showed significant increased cavernous tissue Bcl 2 , cGMP, Bcl 2 /Bax ratio and decreased Bax compared with controls and aged diabetic rats on sildenafil or tadalafil only. Aged diabetic rats on alternate sildenafil/tadalafil showed significant increased cavernous tissue Bcl 2 , cGMP, Bcl 2 /Bax ratio and decreased Bax that was further enhanced if supplemented with T compared with all investigated groups ( Table 1) . Real-time reverse transcriptase-PCR showed that Bax gene expression increased in diabetic group compared with the control group. Bax gene expression was decreased in rat groups that received sildenafil or tadalafil either alone or added to T, whereas Bcl 2 gene expression was decreased in diabetic rats and increased significantly in rats that received sildenafil and tadalafil (Figure 1) .
Cavernous tissue Bcl 2 showed a significant negative correlation with Bax (r ¼ À0.540, P ¼ 0.001) and a significant positive correlation with cGMP (r ¼ 0.535, P ¼ 0.001), in which cavernous tissue Bax had a significant negative correlation with cGMP (r ¼ À0.369, P ¼ 0.001; Figures 2-4) .
Discussion
Accumulating evidences indicated that one of the important mechanisms of ED is the excessive apoptosis of erectile tissues that can be caused by different risk factors reducing penile erection, including diabetes, hyperlipidemia, cavernous nerve injury and aging. 20 In this study, cavernous tissue apoptotic factors showed significant increase Abbreviations: Bcl 2 , B-cell lymphoma 2; cGMP; cyclic guanosine monophosphate; Sild., sildenafil; T, testosterone; Tad., tadalafil. a Significant compared with controls. b Significant compared with aged diabetic rats. c Significant compared with aged diabetic rats on T.
T and PDE5 Is cavernous anti-apoptotic role T Mostafa et al in diabetic rats compared with the controls. Different researchers showed increased endothelial apoptotic cell density in diabetic erectile tissue. [21] [22] [23] Diabetes has known pathological effects on peripheral tissue innervations and vascularization, both of which are important for the erectile function. 24 In addition, it causes oxidative stress, which has a key role in the pathogenesis of diabetes-associated ED acting on blood vessel endothelia, peripheral nerves and smooth muscles and inducing cell apoptosis. [25] [26] [27] Seftel et al. 28 reported that diabetic ED follows an active process characterized by a loss of transforming growth factor-b expression, apoptosis and Bcl 2 expression. Wang et al. 29 showed that compared with controls, apoptotic cells were more in number and the expression of Bcl 2 was absent in the penis cavernosal tissues of the diabetic rats with upregulation of Bax and decrease in Bcl 2 /Bax ratio.
Improvements in cavernous tissue and investigated apoptotic indices as well as cGMP were shown when diabetic rats were administered either sildenafil or tadalafil in frequent low daily doses. The ability of PDE5 Is to inhibit apoptosis and increase cGMP have been proved in different body organs, especially the vascular systems.
9,11,30 Salloum et al. 31 showed that sildenafil limits necrosis and apoptosis possibly through a nitric oxide-dependent pathway. In addition, sildenafil was shown to attenuate cell death resulting from necrosis and apoptosis, and to increase the Bcl 2 /Bax ratio through nitric oxide signaling. 32 Ferrini et al. 33 showed that long-term PDE5A treatment corrected corporal venoocclusive dysfunction in aged rat and partially reversed the aging-related fibrosis and loss of smooth muscle cells in the corpora cavernosa. Buvat et al. 34 reported that tadalafil, when taken on demand or three times weekly, is efficacious and safe in men with diabetes and ED. In addition, T and PDE5 Is cavernous anti-apoptotic role T Mostafa et al different opinions argue that PDE-5 Is are partially beneficial in reducing cell apoptosis in diabetic subjects because of their antioxidant effects. [35] [36] [37] Diabetic rats injected with T showed increased cavernous tissue Bcl 2 and decreased Bax more than in diabetic rats, shedding a light on the importance of T supplement in aged diabetic rats by ameliorating cavernous apoptosis. Cavernous tissue Bcl 2 showed significant negative correlation with Bax and significant positive correlation with cGMP, in which cavernous tissue Bax had significant negative correlation with cGMP. Tam et al. 38 reported that androgen deprivation induces oxidative stress through elevation of reactive oxygen species anabolism and diminution of antioxidant detoxification, in which androgen replacement partially reduces oxidative stress to normal levels. Tenover 39 added that T therapy could provide benefits in aged subjects, such as mood improvement, increased bone density and reduced complications of type II diabetes.
Diabetic rats on T added to either chronic sildenafil or tadalafil alone showed significant increased Bcl 2 and decreased Bax compared with all studied groups. Interventional studies have shown that T therapy, in subjects with sub-physiological concentrations, improved erectile function in men who previously failed to respond to PDE5 inhibitors alone. 40, 41 Furthermore, it has been shown that the full therapeutic potential of PDE5 Is will only become manifest in a eugonadal state. 42 Park et al. 43 reported that chronic treatment with PDE5 Is activated Akt signaling suppressing pro-apoptotic stimuli and maintaining erectile function in rat diabetic ED model. Nevertheless, the chronic use of alternate sildenafil/tadalafil showed synergistic anti-apoptotic cavernous tissue effect, with nonsignificant difference between cases with or without T, making use of the cumulative properties of both substances and their individual hemodynamics. A point of interest that must be clarified is whether the combined use of these substances in aged diabetic ED could substitute T supplement.
In conclusion, sildenafil/tadalafil combined with T have a marked effect on decreased cavernous apoptotic process in aged diabetic rats.
